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Abstract 
A lot of methods have been developed for the detection of aggregate microtexture. The current development provides possibility 
to use microscopes that allow obtaining the three-dimensional high quality digital image of aggregate particle. 
The stereomicroscope method is presented in the paper. An aggregate particle was scanned by a stereomicroscope and the 3-D 
image of investigated aggregate was created using the software Nis Elements D. Aggregate particle profiles were prepared from 
the 3D image by interactive measurement tool of the software. Using these profiles, statistical characteristics of aggregate 
particle, such as mean arithmetic deviation of a profile (Ra), root mean square (Rq), asymmetry of the profile (Rsk) and kurtosis - 
index of flattening of the profile (Rku) were determined. 
The results of this method have shown variability of statistical characteristics among different profiles obtained from a single 
aggregate particle. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Microtexture is defined as configuration of particular peaks on the surface of aggregates particles and describes 
how the grains are smooth or rough. Microtexture is very considerable parameter in term of skid resistance and is 
mainly responsible for dry pavement friction at low speeds [1]. Microtexture is also necessary for assurance high 
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friction values between tire and pavement [2]. Microtexture is characterized by wavelengths and the amplitudes in 
the range between 1μm – 0,5 mm [3]. 
Microtexture values are partially influenced by ability of aggregate particle to keep sharp edges and also rough 
surface which should resist smoothing of vehicles as long as possible. Thus, microtexture depends on the geometric 
properties of the aggregate particle (shape and size) and also on petrological and physical properties of aggregate 
particle.The more shaped surface of the particle and firmer and also sharper material of surface means that better 
and more lasting friction is expected. It is clear, that the possibilities of measuring microtexture and the knowledge 
of the roughness of aggregate particles are particularly important for the safety of road traffic.   
 
Fig. 1. Definition of microtexture. 
A lot of methods have been developed for the detection of aggregate microtexture. These methods can be 
generally divided into manual measurements, detection of microtexture on the basis of comparison and digital image 
analysis methods. Manual methods and the methods on the basis of the comparison are easy to realize, but are 
considered as subjective and time consuming. 
Determination of microtexture using the digital image analysis methods (DIAM methods) generally consist of the 
image acquisition, the image processing (image editing) and subsequent evaluation of the image by a various 
methods. The image analysis means conversion of the image on data. In the case of the digital image all these 
transformations and calculations are implemented in the pixel scene. In most cases evaluation is carried out by 
various mathematical algorithms in different computing programs. Many of the used algorithms are more 
complicated and very difficult to programming. Therefore this method requires considerable computer knowledge 
and longer processing time.  
The current development of technique provides enhancement of methods via using microscopes or 3D laser 
scanners, which, in addition to obtaining a high-quality digital images of aggregate particles, allow obtaining three-
dimensional images of aggregates particles. 
2. Usage of microscope method for the detection of microtexture  
It is possible to scan a particle of aggregate by a microscope (e.g. NIKON AZ 100). On the basis of the software 
Nis Elements D it is possible to achieve a 3-D view of investigated aggregate particle. The 3-D view is obtained 
from scanning of aggregate particle by cameras at different height levels. The aggregate particle is scanned on the 
microscope stage, which is vertically moved in micro steps by rotary knob. Then the software creates the final 3-D 
image from the particular images obtained during scanning. 
After that, the EDF profile of investigated aggregate particle is determined in the software Nis Elements D. The 
acquired profile of aggregate is then expressed by x (y) and z coordinates (Fig. 2). This data file can be exported to 
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various formats. The accuracy of the obtained output depends on the selected range of scanning, number of steps 
and the required zoom level. It can be stated the process of measuring by microscope is not time-consuming and it is 
also quite simple. 
 
 
Fig. 2. (a) Measurement toll EDF-profile; (b) Example of obtained profile of aggregate particle. 
Statistical characteristics can be used to evaluate microtexture of aggregate particle from EDF profiles. These 
characteristics, such as mean arithmetic deviation of a profile (Ra), root mean square (Rq), asymmetry of the profile 
(Rsk) and kurtosis - an index of flattening of the profile (Rku) are generally used for evaluation of surface texture of 
pavement (Table.1). 
             Table 1. Statistical characteristics used for evaluation of aggregate microtexture. 
Statistical characteristics Equation Description of equation parameters 
Mean arithmetic deviation of a profile Ra ܴ௔ ൌ ଵ௡σ ȁݕ௜ െ ݕതȁ௡௜ୀଵ   
 
yi = the individual values of the profile 
ݕത = average value  
n = number of points 
Root mean square  Rq ܴ௤ ൌ ටଵ௡σ ሺݕ௜ െ ݕതሻଶ௡௜ୀଵ   yi = the individual values of the profile 
ݕത = average value  
n = number of points 
Skewness - asymmetry of the profile  Rsk ܴ௦௞ ൌ ܴ௤ିଷǤ ଵ௡ σ ሺݕ௜ െݕതሻଷ௡௜ୀଵ   yi = the individual values of the profile 
ݕത = average value  
n = number of points 
Rq = root mean square   
Kurtosis Rku ܴ௞௨ ൌ ܴ௤ିସǤ ଵ௡ σ ሺݕ௜ െݕതሻସ௡௜ୀଵ   yi = the individual values of the profile 
ݕത = average value  
n = number of points 
Rq = root mean square   
 
The height (amplitude) parameters Ra and Rq characterize an absolute measure of the surface texture. Mean 
arithmetic deviation (Ra) gives a very good overall description of height variations but it is not sensitive to small 
changes in profile. Root mean square of the profile (Rq) is more sensitive to deviations from the main line than Ra 
[5]. However, these two parameters are not able to distinguish between peaks, valleys and the spacing between 
them. It means that two different surfaces in term of texture can be described by the same value of Ra. Therefore, it 
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is essential to evaluate the profiles also by the parameters Rsk and Rku. The Rsk parameter describes the symmetry 
of the heights on the mean line and allows defining so called ,,positive᾿᾿surface texture and ,,negative᾿᾿ surface 
texture [4]. Zero skewness (Rsk =0) reflects in symmetrical height distribution, while positive (Rsk > 0) and 
negative (Rsk <0) skewness describes surfaces with high peaks or filled valleys and with deep scratches or a lack of 
peaks. The Rku parameter describes the probability density sharpness of the profile. It indicates the presence of 
disproportionately height peaks or deep valleys and is important for defining a wear conditions. Rku less than 3 is 
obvious for the surfaces with low peaks and low valleys and the Rku value higher than 3 characterises the surfaces 
with high peaks and low valleys [5]. 
3. Data analysis 
Profiles of aggregate particles taken from three asphalt mixtures (AC (asphalt concrete), SMA (stone mastic 
asphalt) and PA (porous asphalt)) were obtained by microscope scanning. All types of aggregates used in these 
mixtures have different origin, thus different mineralogical and petrological characteristics. The grains were scanned 
in12.5 multiple zoom level.  
Each sample of the aggregate consists of 8 particles. Fifteen EDF profiles were obtained for each aggregate 
particle. The algorithm for calculation of roughness parameters Ra, Rq, Rsk and Rku was developed in the work 
background of the MATLAB program. Data processing was carried out in two steps. Firstly, primary data from the 
microscope was filtered to remove the wavelengths that are out of the micro texture range. In the second step the 
statistical characteristics of microtexture were calculated from the filtered data exported in x, y coordinates. 
The representative value of investigated texture parameter was obtained by determination of mean value from 
fifteen values obtained from individual profiles. These processing was carried out separately for the three samples. 
The results of evaluation are presented in Table 2.  
       Table 2. Statistical characteristics of evaluated sample of aggregates. 
AC Ra  (μm) Rq (μm) Rsk  Rku  SMA Ra (μm) Rq (μm) Rsk  Rku PA Ra (μm) Rq (μm) Rsk  Rku  
1 91.38 124.26 0.54 4.48 1 63.92 85.19 0.23 3.37 1 83.05 110.53 0.42 4.13 
2 91.85 98.29 0.79 4.36 2 77.77 99.86 0.03 3.82 2 62.72 79.74 0.28 3.59 
3 129.73 175.34 0.78 4.18 3 70.92 90.58 0.30 4.02 3 76.75 96.50 0.39 3.22 
4 105.11 160.68 0.61 4.02 4 68.05 85.48 0.31 3.50 4 85.33 108.32 0.55 4.06 
5 113.69 170.23 0.75 3.89 5 54.89 70.98 0.06 4.30 5 77.68 105.79 0.37 3.74 
6 98.78 125.70 0.59 3.91 6 60.16 76.72 0.35 3.99 6 89.01 118.53 0.48 4.85 
Average 105.09 142. 2 0.68 4.14 Average 65.95 84.80 0.21 3.83 Average 79.09 103.23 0.42 3.93 
 
Data in Table 2 shows differences among the statistical texture characteristic of investigated samples of 
aggregates. As can be seen in Table 2 the highest values of parameters Ra and Rq were determined for aggregate 
used in the AC mixture. It can indicate the best microtexture among investigated samples of aggregates that is 
followed by aggregate used in the PA mixture. The lowest values have determined for the aggregate used in the 
SMA mixture. The Rsk parameter indicates that all tested samples of aggregates have the positive microtexture. The 
Rku parameter for all mixtures is higher than 3, which means that on all surfaces can be found high peaks and low 
valleys. It implies that all tested aggregate particles have sufficiently sharp surface and thus suitable microtexture.  
When the values of the statistical parameters of fifteen profiles measured on a single aggregate particle are 
compared the changes in microtexture values of one single aggregate particle can be visible. As it is shown in Figure 
3, the obtained results have shown variability of the statistical characteristics among the different profiles on the 
same aggregate particle. It indicates that the individual aggregate particle has different microtexture over its surface. 
Therefore, in order to obtain a sufficiently representative microtexture value by these methods it is necessary to have 
a sufficient number of measurements. 
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Moreover, the obtained final value strictly depends on the random selection of the profile. This selection can 
influence the analysed data due to the presence of singularities in the sample (significant peaks or valleys). It leads 
to the values of the parameters that are not representative for the entire surface. 
As an example of possible problems mentioned above are the profiles 8, 9 and 10 in Figure 3. Their comparison 
shows that these profiles have the similar Ra and Rq values but different Rsk and Rku. It confirms the importance of 




Fig. 3. Values of statistical characteristics Ra, Rq, Rsk and Rku among different profiles obtained on a single aggregate particle. 
4. Conclusions 
A microscope scanning method was used for detection of aggregate microtexture. Generally used statistical 
characteristics for evaluation of surface texture were used to evaluate aggregate particle microtexture from 
numerous profiles obtained on one aggregate particle. The results obtained by this method have shown differences 
between microtexture of investigated kinds of aggregates. Based on the values of parameters Rsk and Rku it can be 
stated that all tested aggregate particles have suitable microtexture.  
The results have shown variability of the statistical characteristics among different profiles obtained on a single 
aggregate particle. Therefore it is possible to argue that it is necessary to have a sufficient number of measurements 
in order to obtain a sufficiently representative microtexture value of investigated aggregate by these methods. In this 
case, the more time has to be spent for the measurement and evaluation of the data. 
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